Background. When learning with text and pictures, learners often fail to adequately process the materials, which can be explained as a failure to self-regulate one's learning by choosing adequate cognitive learning processes. Eye movement modelling examples (EMME) showing how to process multimedia instruction have improved elementary school children's learning from text and pictures in previous studies.
apply ineffective learning strategies, which can be interpreted as a failure to adequately self-regulate learning (Kombartzky et al., 2010; Stalbovs, Scheiter, & Gerjets, 2015) .
This study aimed at supporting learners in choosing and regulating their cognitive processes by means of eye movement modelling examples (EMME; Mason, Pluchino, & Tornatora, 2015 , 2016 Mason, Scheiter, & Tornatora, 2017; Van Gog, Jarodzka, Scheiter, Gerjets, & Paas, 2009 ). In the context of multimedia learning, EMME consist of videos showing the gaze behaviour of a skilled learner carefully studying text and pictures. Thus, EMME serve as processing instruction for learners to demonstrate how they should study multimedia materials, with the EMME acting as strategy models.
This study evaluated the effectiveness of EMME for learners with varying levels of prerequisite knowledge. Students' gaze behaviour was recorded to investigate how EMME changed their visual processing and whether these changes could explain effects of EMME on learning outcomes.
Cognitive and self-regulatory processes related to learning with multimedia The advantages of text-picture combinations are explained in cognitive theories such as the Cognitive Theory of Multimedia Learning (Mayer, 2009) . Essentially, the theory assumes that multimedia instruction results in a richer mental representation of the learning content than text alone. For a learner to arrive at a comprehensive mental representation, he or she has to perform three types of cognitive processes. The first type comprises early attentional processes associated with both external representations (selection processes). The second type encompasses processes that result in the construction of separate mental models of text and picture (organization processes). The most important cognitive process serves to relate information from text and picture to each other (integration). In a study by Hegarty and Just (1993) , good learners viewed the picture when they read semantically meaningful text units, a behaviour consistent with integration processes. Mason, Tornatora, and Pluchino (2013) showed that fourth graders who performed a high number of integrative transitions between text and picture had better learning outcomes than those showing less integrative behaviour. To conclude, integration processes have been shown to be pivotal to multimedia learning.
In addition, there is evidence that an initial viewing of a picture prior to reading text is helpful (pictorial scaffold), since it yields a coarse internal pictorial representation, which scaffolds subsequent processes of mental model construction (Eitel, Scheiter, Sch€ uler, Nystr€ om, & Holmqvist, 2013) . Likewise, Hegarty and Just (1993) found that successful learners took a global last look at the picture (final picture inspection), presumably to check their mental representation for misconceptions. When realizing that there are misconceptions, it is a useful strategy to revisit the problematic concept by studying the respective text and picture segments (reaction to comprehension problems).
There is, however, twofold evidence that learners often do not perform the aforementioned cognitive processes to the extent necessary. First, supporting learners in performing these cognitive processes helps multimedia learning, which in turn gives rise to the assumption that learners are less likely to perform them spontaneously (e.g., Johnson & Mayer, 2012; Kombartzky et al., 2010; Stalbovs et al., 2015) . Second, eye tracking research has found that many learners tend to mainly focus on the text, thereby neglecting information from the picture and failing to integrate text and picture (Hannus & Hy€ on€ a, 1999; Hegarty & Just, 1993; Scheiter & Eitel, 2015) .
A number of researchers have conceptualized the problem of inadequate cognitive processing of multimedia against the backdrop of self-regulated learning (e.g., Kombartzky et al., 2010; Stalbovs et al., 2015) . Self-regulated learning comprises metacognitive, motivational, and behavioural processes that result in the active participation of individuals in their own learning (Boekaerts, 1999; Winne & Hadwin, 1998) . According to Boekaerts (1999) , it occurs at three different layers: The outer layer comprises the motivational and volitional regulation of the self (i.e., choice of goals and resources), the middle layer addresses the regulation of the learning process (i.e., use of metacognitive skills to direct one's learning), whereas the inner layer refers to the regulation of the process mode (i.e., choice of cognitive strategies/informationprocessing modes). Against the backdrop of this model, an inadequate cognitive processing of multimedia materials can be seen as a failure to regulate one's learning at the metacognitive and information-processing level, which may be caused by a lack of strategy knowledge. According to Veenman, Van Hout-Wolters, and Afflerbach (2006) learners need to know what to do (declarative strategy knowledge), when and why to do it (condition strategy knowledge), and how to do it (procedural strategy knowledge).
Previous approaches to supporting multimedia learning
In the past decades, research mainly focused on improving the design of multimedia so that it promotes effective learning (Mayer, 2009) . Unfortunately, in real-life learners often encounter materials that are not designed in a theory-driven and evidence-based way (e.g., educational resources found on the Internet). To help learners in these situations, they should be instructed how to process the materials. These learner-centred interventions help learners in self-regulating their use of cognitive processes. Along those lines, Kombartzky et al. (2010) showed that providing learners with a worksheet explaining effective cognitive processes for learning from a visualization improved learning. Stalbovs et al. (2015) supported students in planning multimedia learning processes and implementing them at the right moment by providing verbal instructions before students studied illustrated text, which yielded improved visual processing and better learning outcomes.
The aforementioned approaches pre-suppose that learners will know what to do, for instance, when being told to select relevant pictorial information or search for corresponding information elements. In the present paper, we studied a method of supporting cognitive processing that has two important characteristics. First, it is generic (i.e., independent of the design of the materials). Second, compared with verbal instructions, it provides learners with more guidance on how to exactly process multimedia materials, namely, EMME.
Eye movement modelling examples to support multimedia learning Eye movement modelling examples consist of a video of a skilled person's eye movements which are recorded while he or she performs a task and which are superimposed onto the material (Mason et al., 2015 (Mason et al., , 2016 (Mason et al., , 2017 Van Gog et al., 2009) . The basic idea is that displaying an expert's eye movements offers perceptual guidance on how to process the stimuli. It is assumed that learners internalize how to process the information, thereby acquiring cognitive and metacognitive skills that can later be applied to new stimuli. Although learners only observe the cognitive processes' manifestation at the visual processing level, it is assumed that the perceptual input will trigger the underlying cognitive processes. A benefit of EMME compared with verbal strategy instructions is that learners can observe the strategies that they are supposed to acquire and see when and how they are implemented by the model. Referring back to Veenman et al.'s (2006) classification, EMME thus address multiple aspects of self-regulatory strategy knowledge.
First evidence that EMME can support multimedia learning comes from a study by Mason et al. (2015) who compared an EMME group with a control group regarding visual processing and learning outcomes. The EMME showed a skilled learner's behaviour while studying a single page with illustrated text. After watching the EMME, the learners were given a second, one-page illustrated text unrelated to the previous one, and their eye movements were recorded. The control group received only the second material. Then, all students were tested regarding their recall and comprehension. The EMME group showed more integrative rereading of the material and also had better learning outcomes (cf. for a replication Mason et al., 2016) .
Mason et al. conducted their studies with children (seventh graders), and the modelling examples predominantly illustrated integration processes. It is yet unclear if EMME are also of assistance to adult learners. These learners may already possess strategies for processing multimedia, which can interfere with strategies conveyed through EMME. Thus, EMME may even hamper learning in this case. Moreover, it is still an open question if promoting more than one cognitive process is helpful. On the one hand, Stalbovs et al. (2015) showed that for adult learners, verbal instructions were most effective when they covered selection, organization, and integration processes, whereas instructions relating only to integration were not effective. On the other hand, EMME illustrating multiple processes become more complex, so that learners may find it difficult to extract the information relevant to skill development.
Moreover, we were interested in whether domain-specific prerequisite knowledge, that is knowledge that needs to be available in order to allow for a meaningful interpretation of the instruction, would moderate the effects of EMME. We assumed that students would benefit from EMME more strongly if they also possessed prerequisite knowledge. At first sight, this prediction may seem counterintuitive when considering findings regarding the role of domain knowledge in visual processing (Gegenfurtner, Lehtinen, & S€ alj€ o, 2011) and the expertise reversal effect (Kalyuga, Ayres, Chandler, & Sweller, 2003) . Both lines of research suggest that students with more domain knowledge would ignore information that is redundant to their own knowledge and, if guided towards this information, would be hampered in their learning. Thus, one might expect EMME guidance to be less effective for stronger learners. However, there are two major differences between visual expertise research/expertise reversal research and our scenario: First, we consider prerequisite rather than prior knowledge in our research design. Thus, what stronger learners know already is not redundant to the instruction; rather, it is necessary to learn novel aspects. Second, while EMME guide visual attention, they do not serve to highlight (potentially redundant) information elements that should be learnt. Rather, EMME convey a multimedia processing strategy, which can then be applied to materials for which no further visual guidance is provided.
Hypotheses
Watching EMME should affect learners' visual processing in that there should be longer overall text and picture fixation times and more transitions between text and pictures in the experimental than in the control group (Hypothesis 1); especially, longer picture fixation times and more transitions are seen as a more effective way of processing the materials, since previous research has shown that both indicators are related to better learning (cf. Hegarty & Just, 1993; Mason et al., 2013; Scheiter & Eitel, 2015) . As a consequence, we expected EMME to improve learning outcomes (Hypothesis 2). Moreover, we expected that improvements in learning outcomes due to EMME would be more pronounced in students with stronger rather than poorer prerequisite knowledge (Hypothesis 3). Finally, we assumed that changes in students' visual processing due to EMME could explain differences in learning outcomes (Hypothesis 4).
Method
Participants and design Participants were 53 students of a German university. Three participants had to be excluded from data analyses because of poor gaze data quality, leaving 50 students (38 female; M = 26.88 years, SD = 6.73) enrolled in different majors except Biology. Participation was voluntary and reimbursed with 10 Euro. Students were randomly assigned to either the EMME (n = 26) or the control (n = 24) condition. In the EMME condition prior to studying the actual learning materials, participants saw four short EMME videos, which are described in more detail in the next section. In the control condition, students did not receive any guidance on how to process the multimedia materials prior to learning.
Materials
Learning materials consisted of a written and illustrated text on cell division in German.
In Part 1, which consisted of four pages, important cell structures, the concept of DNA, its storage in chromosomes, and basic concepts relevant to mitosis were explained. These were prerequisites for understanding Part 2, which was the actual learning material. Part 2 consisted of six pages describing interphase and the five phases of mitosis. It described the duplication of chromatin fibres, their development into chromosomes, the development of the mitotic spindle, the alignment of the chromatids along the equatorial plane, the separation of sister chromatids, and finally the segregation of daughter cells with genetically identical material.
Each page showed text on the left and one corresponding static picture on the right. The text had an overall length of 1,180 words with 51 and 200 words per slide. The pictures were schematic and illustrated cell structures and processes relevant to cell division (see Figure 1 for sample materials). The text described the content on a more abstract level, provided the relevant terminology, and explained how processes during mitosis are accomplished. Text and pictures were complementary and necessary to understand the content.
The experimental manipulation referred to Part 1 of the materials and hence to the explanation of prerequisite concepts. In the control group, the first four pages were displayed as standard text-picture combinations with no visual guidance on how to process the materials (cf. Figure 1 , left panel). In the experimental group, EMME were displayed on these pages. The EMME demonstrated various processing strategies derived from the literature. Upon presentation of each of the four pages, the model comprehensively inspected the picture by scanning it and then read the title (construction of a pictorial scaffold). Afterwards, she read the whole text while fixating relevant words and single elements of the picture (selection of relevant words and picture elements). She then read the text again section by section (text organization) and looked at the corresponding picture elements (picture organization), switching between the representations (integration). In the end, she again attended to the picture (final picture inspection) and, in some instances, reread the corresponding sections of the text (reaction to comprehension problems).
The model's eye movements were displayed as a white light spot representing a gaze fixation that moved across the otherwise shaded page. The model was a student research assistant who was instructed to behave didactically by displaying each process as explicitly as possible, which is common practice in research using EMME (e.g., Mason et al., 2015 Mason et al., , 2016 Mason et al., , 2017 . That is, she was given step-by-step instructions on how to process text and picture and in which order. For instance, the model was instructed to first look at the picture upon opening a new page of the materials and then to start reading, while moving her eyes to the picture after having read a paragraph. Duration of the EMME varied between 39 and 87 s per page (M = 71.75 s).
Measures and scoring
We assessed domain-specific cognitive prerequisites as a moderator and post-test performance and gaze data as dependent variables.
Domain-specific cognitive prerequisites To achieve a broad assessment of cognitive prerequisites, we used two different measures: a test of general scientific literacy and a test of domain-specific prerequisite knowledge on cell division.
The Test of Basic Scientific Literacy (Laugksch & Spargo, 1996) measures general knowledge about scientific concepts. We used 24 items from the Life Sciences scale. Participants read statements and had to judge if they were correct or incorrect, or unknown (e.g., 'Life on earth has been existing only for a few thousand years', incorrect). Each correctly answered item was scored with one point, resulting in a maximum total score of 24.
The test of domain-specific prerequisite knowledge consisted of 15 multiple-choice items with four alternatives and one correct answer. The items asked about cell elements, genetics, and mitosis (e.g., 'What are mitochondria?' answer: structures which are responsible for energy generation). Correct answers were scored 1, and incorrect answers were scored 0; the maximum total score was 15. The correlation between both measures was significant (r = .31, p = .03); moreover, Cronbach's alpha values suggested that a higher internal consistency was achieved when combining both measures into one (Cronbach's alpha = .71). For these reasons, we decided to use the combined measure in the analysis, which was calculated as the sum of the z-standardized scientific literacy and prior knowledge scores (hereafter referred to as cognitive prerequisites).
Learning outcome
The paper-pencil-based post-test consisted of three subtests: a free recall question, 16 multiple-choice items, and a forced-choice verification task with 22 items. Four items from the multiple-choice test and one item from the forced-choice verification task were removed from the analysis to ensure that the post-test would refer only to those contents of the learning materials for which no modelling had been provided in the experimental condition (i.e., Part 2). Similarly, for the free recall question only those aspects were scored that addressed non-modelled contents. Thus, the learning outcome measures reflect students' knowledge that was acquired when no more guidance regarding strategy use was available.
The free recall question asked participants to write down everything they knew about mitosis within six minutes. Answers were scored using a coding scheme that awarded 1 point for each correct idea (max. score 38). Two independent raters scored 20% of the participants' data (inter-rater reliability: r = .99). One rater scored the remaining data.
The multiple-choice items consisted of four alternatives; they aimed at assessing recall and transfer and were either text-or picture-based (e.g., text-transfer: 'Colchicine is a poison that inhibits the formation of microtubules. Which process would be impaired as a result of colchicine-poisoning?' Correct answer: the separation of the sister chromatids). Each correctly answered item was scored 1, and incorrect answers were scored 0, resulting in a maximum total score of 12.
In the forced-choice verification task, participants had to state if sentences or pictures were either true or false (e.g., 'During mitosis, each daughter cell gets 46 one-chromatid chromosomes', correct answer: true). Correct answers were scored with one point (max. total 21).
Eye movements
The analyses referred only to the six pages (Part 2) for which learning outcomes were assessed. Areas of interest were defined for the text and for the picture for each page. Eye movement data were averaged across the six pages of the learning material. For each participant, the mean time per page spent on the text (fixation time text) and on the picture (fixation time picture) as well as the number of text-picture transitions was computed.
Apparatus
The model's and the participants' eye movements were recorded using a remote eye tracker (RED 250) from SensoMotoric Instruments (SMI; Teltow, Germany) with a sampling rate of 250 Hz and iView X 2.2 and ExperimentCenter 3.3 software (SMI; Teltow, Germany). The learning material was presented on a 22″ widescreen monitor. Eye tracking data were edited and prepared for statistical analysis with BeGaze 3.3 software (www.smivision.com).
Procedure
Participants were tested individually. They were randomly assigned to conditions, received written information on the experiment procedures, signed a consent form, and completed a paper-pencil test to assess their cognitive prerequisites. Then, they were seated in front of the eye tracker. The eye tracker was calibrated for each participant using a nine-point calibration. The onscreen instruction informed participants that they could learn at their own pace and proceed to the next page by pressing the space bar as soon as the word 'next' appeared, but that they could not return to previous pages. Participants were also informed that they would be tested on the content.
In the experimental group, learners were instructed that they would see a successful learner's eye movements on the first pages of the material. These eye movements would be illustrated by a spotlight moving across the otherwise darkened page. Students were informed that the size of the spotlight corresponded to the models' fixation times, with larger spots illustrating longer fixations. They were also shown a screenshot of a multimedia page with a scanpath superimposed on it to familiarize them with this kind of display.
After the EMME had been displayed on the first page, the word 'next' appeared in the right bottom corner of the page. Upon clicking the space bar, participants were shown the first page again, but this time without EMME. This was done to allow them to study the page as long as they wanted before proceeding to the second page. This procedure was repeated for each of the first four pages. To keep learning times across conditions comparable, in the control group each of the four pages was displayed for the same length of time as in the EMME group before learners could proceed to the subsequent page. In both conditions, each of the six remaining pages was displayed for 50 s before learners could continue. Learners could spend more time on each page if they wanted. After the learning phase, participants filled out the post-test, were paid, and debriefed. In total, each session lasted about 75 min.
Data analyses
To test the effects of EMME and their potential moderation by students' cognitive prerequisites, we used regression analyses with effect coding. The experimental group was coded +1, and the control group was coded À1. Experimental condition, the zstandardized cognitive prerequisites score, and the interaction term between cognitive prerequisites and condition were entered simultaneously as predictors. Table 1 shows means and standard deviations for the cognitive prerequisite 1 and learning outcome measures as a function of experimental condition.
Results

Learning outcomes
For free recall, the overall regression model was on the verge of significance, F(3, 49) = 2.76, MSE = 497.00, p = .053, adjusted R 2 = 0.10 (Table 2 ). There was no main effect of experimental condition and no reliable effect of students' cognitive prerequisites; however, there was a significant interaction between condition and students' cognitive prerequisites. Simple slope analyses at +1 and À1 standard deviation of the cognitive prerequisite score revealed that for weaker students EMME had a negative effect on recall, b = À6.31, SE = 2.75, b = À.45, p = .03, while they did not impact recall performance of stronger students, b = 4.27, SE = 2.89, b = .31, p = .15 (see Figure 2) .
For the multiple-choice task, the overall regression model was significant, F(3, 49) = 4.57, MSE = 157.28, p = .007, adjusted R 2 = 0.18 (Table 2) . However, the only significant effect was that of cognitive prerequisites in that stronger learners performed better on the multiple-choice post-test.
For the forced-choice verification task, the regression model was significant as well, F (3,49) = 5.10, MSE = 149.22, p = .004, adjusted R 2 = 0.20. Again, students' cognitive prerequisites were a significant predictor: Learners with stronger prerequisites performed better. Experimental condition had no reliable impact on performance as assessed by the verification task, even though students showed a tendency to perform better in the EMME compared with the control condition. Finally, there was a significant interaction between cognitive prerequisites and experimental condition. For learners with weaker cognitive prerequisites, EMME had no effect on this type of learning outcome, b = À1.57, SE = 2.50, b = À.12, p = .53, whereas EMME improved learning outcome for stronger learners, b = 8.41, SE = 2.63, b = .62, p = .003; see Figure 3 ).
Eye movements
As picture fixation times and the number of transitions were not normally distributed, we submitted them to a log-transformation. For means and standard deviations of the eye tracking measures, see Table 3 . Results of the regression analyses are displayed in Table 4 . The overall regression models for text fixation times and picture fixation times were not significant (text: F < 1; picture: F(3,49) = 1.68, MSE = 0.61, p = .19, adjusted R 2 = 0.04). If there was any effect at all, EMME increased the time students spent studying the pictures.
For the number of transitions, there was a significant overall model, F ( experimental condition: Learners in the EMME group made more transitions between text and pictures than learners in the control group. Neither cognitive prerequisites nor their interaction with experimental condition had an effect.
Linking learning outcomes and eye movements
In a final step, we analysed whether the changes in the way students processed the materials as a consequence of having viewed EMME prior to learning were suited to explain effects on learning outcomes by means of mediation analyses. As mediators, we chose the fixation time for pictures and the number of transitions, for which EMME had had an effect. These were used to explain the effect of EMME on recall and the forcedchoice verification task that had been moderated by students' cognitive prerequisites (cf. conditional process model, Hayes, 2013) . The mediation analysis generated 95% biascorrected and accelerated bootstrap confidence intervals for the indirect effects using 5,000 bootstrap samples. There were no significant indirect effects of EMME on recall performance (with picture fixation time: coefficient = 0.71, SE = 1.05, 95% CI [À1.01, To allow for easier interpretation of the log-transformed eye tracking data, means and standard deviations without log-transformation are additionally provided in parentheses (time data are presented in minutes). 
Discussion
This study aimed at investigating the effects of an EMME intervention on visual processing and learning outcomes when studying an illustrated text. According to our first hypothesis, we expected the EMME group to show improved visual processing of the materials. In line with this hypothesis, they attended longer to the pictures and made more frequent attempts to integrate them with the text. In contrast, there were no main effects or interactions for text fixation times. In the light of evidence indicating that most learners process multimedia material in a text-driven manner (Hannus & Hy€ on€ a, 1999; Hegarty & Just, 1993; Scheiter & Eitel, 2015) , it is not surprising that all learners showed relatively long text fixation times. The effects of EMME were especially pronounced for transitions between text and pictures, which are typically regarded as indicative of integration processes (Johnson & Mayer, 2012; Mason et al., 2013) . These results support the assumption that modelling eye movements can enhance visual processing of multimedia materials even when students are adult learners and when the EMME illustrate more than just one process. Importantly, EMME had an effect on the visual processing of all students, showing that they all attempted to apply the illustrated strategies irrespective of their cognitive prerequisites. Accordingly, EMME were suited to support the regulation of multimedia learning by conveying strategy knowledge regarding the what, when, and how of learning (cf. Boekaerts, 1999; Veenman et al., 2006) . However, we found no reliable main effects of EMME on learning outcomes, so that Hypothesis 2 was not confirmed. Rather, the effectiveness of EMME was moderated by the learners' cognitive prerequisites. In contrast to what had been postulated in Hypothesis 3, weaker students showed even poorer recall of the information after having watched EMME, whereas recall performance of stronger students was unaffected by the experimental manipulation. With respect to the forced-choice verification task, we found the expected interaction in that students with stronger but not with weaker cognitive prerequisites benefitted from EMME. A possible explanation for these divergent results can be given by considering which cognitive processes students conducted and which were necessary to perform well in each of these tasks. To perform well in the recall task, students had to be able to memorize the verbal information; thus, there was little necessity to perform more sophisticated cognitive processes. In principle, even students with poorer cognitive prerequisites should be able to memorize information. However, their attempts to perform more sophisticated cognitive processes (reflected in longer picture processing and more frequent transitions) as a consequence of watching EMME may have interfered with basic memorization strategies, yielding poorer recall for them in the EMME condition. Inference may but also been caused by the need to regulate the use of multiple cognitive processes, which may have yielded additional metacognitive demands (Van Merri€ enboer & Sluijsmans, 2009 ). On the other hand, the verification task potentially required students to go beyond the given information. Performance on this task particularly benefitted from viewing EMME -if students possessed the cognitive prerequisites for not only following the visual guidance, but also for interpreting the information for which they received processing support. Students with poorer cognitive prerequisites changed their visual processing behaviour in accordance with the modelled strategies, but they lacked the knowledge necessary to interpret this information (cf. ability-as-enhancer hypothesis, Mayer & Sims, 1994) .
How long students processed the pictures explained the positive effects of EMME for students with stronger cognitive prerequisites regarding the forced-choice verification task, thereby partially supporting Hypothesis 4. In contrast to other studies (Johnson & Mayer, 2012; Mason et al., 2013) , more frequent transitions between text and pictures did not led to better learning outcomes. In the present learning task, it may not have mattered whether a longer picture processing was due to few, but longer picture inspection times (associated with few text-picture transitions) or many, but shorter picture inspection times (associated with many text-picture transitions). Since the texts were relatively short and the pictures highly schematized, integration might be achieved by holding active in memory information from one representation while processing the other representation, thus requiring fewer switches between representations (Bauhoff, Huff, & Schwan, 2012) . On the other hand, children who served as participants in the studies by Mason et al. (2013 Mason et al. ( , 2015 Mason et al. ( , 2017 , in which transitions proved predictive for learning, may not yet have available the working-memory capacity to resort to memory-based integration strategies.
The poorer recall performance of weaker students in the EMME group was unrelated to processes assessed by eye tracking. As mentioned earlier, weaker students felt potentially confused/disturbed when trying to verbally rehearse the information because they had still in mind the guidance provided by the EMME they had seen earlier.
Limitations and implications for future research
Although the present findings suggest that the processes promoted by the intervention could be applied immediately afterwards and within the same learning content, it is yet to be examined if students will be able to apply and regulate the cognitive processes acquired from EMME after a delay and to different materials.
Moreover, what still remains to be investigated is whether EMME also promote better learning in comparison with other verbal interventions such as prompts (Bartholom e & Bromme, 2009 ), strategy worksheets (Kombartzky et al., 2010) or other forms of verbal instruction (Stalbovs et al., 2015) . Compared with verbal interventions, EMME provide more direct access to cognitive processes in that learners can observe the processes' manifestations in the model's gaze behaviour. Moreover, EMME support a broader range of strategy knowledge relevant to self-regulation (Veenman et al., 2006) . Against this backdrop, it seems worthwhile to investigate whether EMME will outperform verbal interventions such as prompts.
From a methodological perspective, future research needs to identify the conditions under which integrative saccades are related or unrelated to better learning. The amount and complexity of text and pictures relative to the learners' prior knowledge may have an influence on whether integration can be achieved from memory alone (cf. Bauhoff et al., 2012) . Moreover, previous studies have relied on the assumption that there will be a positive linear relationship between the number of integrative saccades and learning outcomes. However, such a positive linear relationship may exist only up to a certain number of transitions; performing even more transitions may reflect dysfunctional learning behaviour or comprehension problems instead.
Conclusions
Our results suggest that for learners with a certain level of prerequisite knowledge EMME can support effective processing of multimedia instruction. Most importantly, this support worked beyond the pages for which the modelling examples were displayed. Therefore, learners were able to apply the processing strategies to a learning phase for which they received no further guidance. Therefore, we showed that promoting several processes is helpful, and that not only young students, but also adults profit from the modelling examples, thereby extending the results from Mason et al. (2015 Mason et al. ( , 2016 . This is highly promising from a practical perspective, as EMME are short interventions that -once generated -can be applied in a variety of learning contexts. However, in order to use EMME in educational practice, it will be necessary to identify ways of optimizing them so that also weaker students will benefit.
